A general cavitation algorithm is presented that accommodates for an arbitrary density-pressure relation. Here it is possible to model the compressibility of the lubricant in such way the density-pressure relation is realistic from sub-cavity to high pressure regions respectively. The algorithm preserves mass continuity which is of importance when inter-asperity cavitation of rough surfaces is considered. Results with this algorithm for different density-pressure relations are presented and discussed.
Introduction
Different types of theoretical cavitation models have been proposed over the years. Some of the algorithms preserve lubricant mass continuity whilst other do not. Jakobsson and Floberg [1] developed a mass preserving cavitation theory. They assumed that the pressure is constant in the cavitation region leading to zero pressure gradient. They derived a set of conditions to locate the cavitation boundaries. Elrod [2] developed a cavitation algorithm where a single equation is used throughout the lubrication region without the need for explicit equations to locate the cavitation boundaries. Vijayaraghavan and Keith Jr [3] developed an algorithm in a similar way as Elrod and introduced more rigorous derivation. These algorithms are derived under the assumption that the bulk modulus is constant, which is not the case for real lubricants, especially if a wide pressure range is to be considered. The cavitation algorithm presented here is similar to that of Elrod but accommodates for an arbitrary density-pressure relation.
Theory
The density of all liquid lubricants depends on pressure. This relation changes abruptly when the lubricant undergoes cavitation, resulting in a mixture of liquid and gas. At this condition the pressure remains close to constant whilst the density decreases rapidly. In order to mimic the behavior of cavitation, the Reynolds equation will be modified. It is convenient to use the density as the dependent variable insted of pressure. We start by defining the nondimensional density as θ = ρ/ρ c where ρ c is the density at the cavitation boundary. Since p(x) = p(θ(x)) it is possible to apply the chain rule on the pressure gradient, i.e., ∇p = dp dθ ∇θ.
In the cavitation region the pressure is assumed to be constant, p = p c , [1] . Hence, ∇p = 0 and no Poiseuille flow contribution exists in this region. However, the mass will be preserved and transported only by means of Couette flow. By definition, θ = 1 at the cavitation boundary, thus to accomplish the termination of the pressure gradient we utilize the unit step function
Writing Reynolds equation with θ as the dependent variable, incorporating Eq. (1) and the above step function, yields the governing equation on the form:
Where h is the film thickness, η is the viscosity and u is wall velocity. Here, a single equation which preserves lubricant mass describes the flow both in the full film and in the cavitation region respectively. This is a more general form of already existing cavitation algorithms based on the Reynolds equation on that an arbitrary density-pressure relation could be used. The equation is discretized in the same way as in [3] .
Numerical Examples
As a test case for the current cavitation algorithm, the compressibility for a mineral oil VG68 will be used where data is taken from Tuomas and Isaksson [4] . The curve fit ρ = ρ c (1 + c 1 + c 2 (p − p c ) − exp (p c − p)) developed by Stål and Jakobsson [5] is used to fit the measured data where c 1 and c 2 are the fitted coefficients and the cavitation pressure p c = 1e5 Pa. The compressibility can also be written in terms of the bulk modulus β = (1/ρ) dρ/dp, for which the equivalent expression for the density is ρ = ρ c exp ((p − p c )/β). As a comparison, a relation where β = 3.2 taken for the curve fit at cavitation pressure will be shown. This is one way that the density-pressure relation has been frequently treated during the years. These relations can be seen on the left hand side of Fig. 1 . On the right hand side of the same figure the bulk modulus is plotted as a function of pressure from where it is clear that β is far from constant anywhere in the pressure range. The numerical examples will be shown in one dimension only. In the first case we choose a parabolic geometry with the same physical dimensions and operating conditions as in Vijayaraghavan and Keith Jr [3] , see Fig. 2 . The pressure so- pressure, the solutions are almost identical which is reasonable according to the density-pressure relations in Fig. 1 . However, if the physical conditions are changed so that the pressure interval is altered, significant differences in the solutions will arise. In Fig. 4 the geometry is changed to a linearly converging film with a starved inlet. The corresponding solutions are shown in Fig. 5 where pressure and density are plotted. The values of the two solutions including the location of reformation into full film deviate significantly both for pressure and for density. The inlet is starved causing pressure to remain constant until sufficient compression occurs and the lubricant reforms abruptly as the Pouseille term becomes active, causing the pressure to rise above ambient. The switch function is based on the assumption of constant pressure in the cavitation zone which contradicts the modelled density-pressure relation in that pressure range. Pressure variation in the cavitation zone is often overlooked which may lead to inaccurate results as shown above. This indicates the need of employing realistic density-pressure relations.
Conclusions
A generalized equation that treats cavitation and accommodates for an arbitrary density-pressure relation of the lubricant is presented. Solutions based on measured compressibility data and a density-pressure relation with a constant bulk modulus are compared. In the proposed algorithm a more realistic physical description of the compressibility can be used. Thus, more accurate results can be obtained for the whole pressure range.
